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Obvious as it may seem, phytoplankton, one of the building blocks on which marine 
ecosystems are based, is a living organism that consumes nutrients. In spite of high 
concentrations of nutrients, however, there are a number of areas of sea around the world 
where phytoplankton struggles to grow. One such area is the northern part of the Pacific 
Ocean, bordered by far eastern Eurasia and North America. Because of a lack of iron, this is 
an area in which phytoplankton doesn't grow fully, even if the required nutrients are present. 
Iron is one of the elements that activates chlorophyll (plant pigment) and is essential to its 
growth. 
Despite being the most common element on land, the concentration of iron in seawater 
is exceedingly low. Iron found in seawater comes from one of two sources; either iron 
particles that have traveled through the air from land or iron that has been carried into the sea 
by rivers. As it is far removed from any land and has no major rivers flowing into it, the 
northern part of the Pacific has a remarkably low concentration of iron. 
Elsewhere, the Sea of Okhotsk off the coast of northern Japan is rich in nutrients and 
vital supply area for aquatic resources. Observations carried out to date have revealed that the 
Sea of Okhotsk differs企omthe adjointing northern part of the Pacific in that al of its rich 
layers of nutrients are used up by the production of phytoplankton. Whereas there are 
nutrients left unused in the northern Pacific due to the lack of iron, they are al used up in the 
Sea of Okhotsk. So what is the reason for this difference ? 
We believe that the difference stems from a rich supply of dissolved iron brought in by 
the Amur river. Originating in the high lands of Mongolia, the great Amur covers a total of 
4,350 kilometers, flowing across the Russian and Chinese borders in to the Sea of Okhotsk. It 
has a river basin nearly five times the size of Japan, the majority of which is taken up by 
forests and wetlands. Large quantities of iron from the surrounding land are carried away by 
the river. In a oxygen-rich environment, however, iron soon oxidizes and turns into particles, 
forming precipitate. Once in particle form like this, iron is of no use to living organisms. 
Dissolved iron on the other hand can be used. Therein lies the cleaver mechanism by which 
dissolved iron is carried from the river to the sea. 
In wooded area, leaves fal from the trees and pile up on the ground gradually turning 
into humus. Similarly, vegetation in wetlands also turns to humus. The organic ma仕er
produced as part of this process contains fulvic acid, which once produced, flows out to the 
sea in the river. Iron that has dissolved into water in areas with relatively litle oxygen, such as 
wetlands, combines with fulvic acid to form a substance called白lvic-Fe(II) complex. In this 
form, iron does not oxidize easily and is carried long distance by the river. The reason why the 
iron carried to the Sea of Okhotsk is so important to the production of organisms is that large 
quantities of fulvic-Fe (II) complex are brought in by the Amur river. This fulvic-Fe (II) 

